A custom microfluidic ultrasound device has been designed and implemented to efficiently create oscillating ultrasonic bubbles. These bubbles interact with the red blood cells, bacteria (Escherichia coli), and yeast (Pichia pastoris). Observations using high speed photography show that the red blood cells were strongly stretched. A numerical model using the Boundary Element Method is used to simulate the oscillating bubble's interaction with a nearby elastic pocket (a red blood cell model). Complex dynamics are discussed. Our ultrasonic microfluidic device is efficient in lysing E. coli and yeast cells for the harvesting of active intracellular content. Complete lysis of E. coli takes only 0.4 seconds while it takes about 1 second for the yeast cell. Temperature rise is minimal. We perform flourescent intensity measurement and qRT-PCR (real-time polymerase chain reaction) to show that the functional integrity of the proteins and DNA is preserved.
Ultrasound has been used in bio of cell lysis generally involves the probe generates ultrasonic bubbles i The exact mechanisms involved, na detailed. Also this method due to its
We attempt to overcome the pro It has been observed that strong (Tandiono et al. (2010) ). These sonochemistry in the microfluidic c bacteria and yeast cells. Previous oscillating bubbles and then relax, f al. (2011)). Our aim is to study in d speed photography and numerical si
EXPERIMENTAL SET
The experiment involving the hu is shown in Fig. 1 . An oscillating b cells. The intense and instantaneou gas bubble. By controlling the lase varied in the experiments. The obser FIGURE 1. A schematic of the exp chamber next to so Fig. 2 shows the result of a lase is too big to be completely captured is shown as an advancing curve tow It reaches a maximum radius of 100 by the flow. The cell remains elong back to its original shape.
INTRODUCTION
oprocessing laboratories for cell lysis (Hughes and Ny use of an ultrasonic probe in a bulk liquid containi in the liquid which in turn interact with the cells and b amely the interaction between the ultrasonic bubble a s lack of control is inefficient and significant heating m oblems of heating and controllability by lysing the cel ultrasound generates violently oscillating bubbles strong oscillating bubbles are capable of generati channels (Tandiono et al. (2011) ). We have modified s experiment on red blood cells has shown that as from which the elasticity of the red blood cells can b etail the interaction between an ultrasonic bubble and imulation.
TUP: BUBBLE AND RED BLOOD CELL
uman red blood cells is done in a microfluidic chamb bubble is generated by a laser pulse which is focused s heating causes the vaporization of the liquid and th er energy and position, the size of the bubble and its rvation is done with a high speed camera (Photron Fas perimental setup. A pulsed laser is used to generate an oscill ome red blood cells. The bubble oscillates and interacts with RESULT AND DISCUSSION r-generated bubble's interaction with a human red blo d at the high framing rate of 350,000 frames per second wards the cell. During growth bubble pushes the cell to 0 μm in frame 4. The rapid collapse of the bubble cau gated after the bubble has completely collapsed for so yborg (1962) To understand the mechanisms b is based on potential flow and the n refer to previous publications of the and Khoo (2004), Ohl et al. (2009)) For the simulations, the pressure bubble to expand, accelerating the f with surface tension) to deform. Ini collapses, causing the lower portion 
EXPERIMENTAL
In this experiment, a similar but device has two inlets, one for air, a which the cells are collected and an and are formed by bonding it to a epoxy). The transducer is driven at t g bubble with a nearby human red blood cell. There are 12 f s initiated 86 μm from the cell (as indicated by the arrow). the cell is stretched and elongated.
behind the elongation of the cell, a numerical simulatio numerical method used is the Boundary Element Meth e authors for the detailed description of the model and . e inside the bubble is set to be 100 bar initially. This h fluid around it. The fluid movement in turn causes the itially the bottom of the cell is flattened as the bubble n of the cell to elongate in the direction of the collapsin a bubble (bottom) near a 'floppy' cell (on top). As the bubb flattened (frame 3 and 4). Then as the bubble collapses, the c 
SETUP: ULTRASONIC BUBBLE FOR C

CELL LYSIS
ig. 4 is made in-house. The cells), and one outlet from MS (Polydimethylsiloxane) er is firmly attached (using Two type of cells were investig and Pichia pastoris (yeast cells). Th lysing. By using intense cavitation i in a short time and without signi mechanism involved in the breakin under observation are labeled 1, 2 a There is an oscillating bubble at th pictures when the bubble is at a min 30 μs and 40 μs. It then shears into t The same microfluidic channels of 389 ms, all the cells in the chann 3.3 °C. Also from qRT-PCR (real-ti harvested is not compromised.
used in the lysis of cells. It has two inlets (one for air/gas and ltrasound transducer which is glued to the bottom glass plat of the system, around 100 kHz.
an be obtained from the publications of the authors o
RESULT AND DISCUSSION
gated, namely the green fluorescence protein (GFP) ex hese cells are used in biotechnology for protein produ in the microfluidic channel (Tandiono et al. (2010) ), c ificant heating. We have obtained high intracellula ng of the cells is captured by high speed photography and 3. The timings in microseconds are indicated on th e center of the frame. However in order to view the nimal size. As indicated by an arrow, the cell 2 is stron two at frame 50 μs.
sequence of direct observation of the lysis of a single yeast 0 and 40 μs). Then it breaks into two (last three frames). Th e at the center of the frame. Figure is reproduced with per are used to break E. coli bacteria. As seen in Fig. 6 , a nels are broken. For both experiment, the maximum te ime polymerase chain reaction) analysis, we found th after an ultrasound exposure emperature rise is less than at the integrity of the DNA he study of red blood cell E. coli and yeast cells. With are observed directly. It is l to stretch. As seen in the hing of the red blood cell is cell like the yeast cell, the and therefore causing lysis. causes it to break into small sess advantages over other rasonic bubbles also ensure ure rise in the samples.
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